Vol. LXXII, No. 3 June, 1937 


THE 


BIOLOGICAL BULLETIN 


PUBLISHED BY THE MARINE BIOLOGICAL LABORATORY 


THE PRODUCTION OF INTERMEDIATES NGED OR f 
MUTT SPECE REFERKRENGE TO THE PROBLEM OF 
EWERYONIC DETERMINATION! 


A; FRANKLIN SHULL 
(From the University of Michigan, Ann Arbor, Michigan) 


Aphids which are intermediate in structure between the partheno- 
genetic and the gamic type have already been studied in relation to the 
order of embryonic segregation (Shull, 1930, 1931, 1933). More 
abundant and more eas ty produced at will are those intermediates which 
are structurally between the winged and wingless parthenogenetic types. 
They offer the sa.ne opportunity to examine certain features of the 
mechanism of development as do any other intermediates which can be 
artificially produced. 

Partly to obtain large numbers of these winged-wingless intermedi- 
ates for analysis, and partly in the hope that the method of obtaining 
them would throw some light on their nature, extensive experiments in 
which the environmental agents known or believed to modify the aphid 
cycle were combined in a variety of ways were carried out over a period 
of years. This paper describes the experiments, which involved a total 
of 530,133 aphids, of which 9,152 were intermediate-winged. 


The Stocks of Aphids 


Two independent strains of aphids of the species Macrosiphum 
solanifolit have been used. One was collected near Ann Arbor in the 
year 1923 and has been maintained parthenogenetically ever since. This 
strain was clone A of a former paper (Shull, 1932) until it experienced 
a mutation“ in the fall of 1929, in which its characteristics were 
greatly altered, becoming clone A’ of that paper. The other strain was 
collected in Ann Arbor in 1931; to date none of the results from this 
line has been published. 

1 Contribution from the Department of Zodlogy, University of Michigan. 

This investigation is part of a series which has been aided over a period of 
years by grants from the American Academy of Arts and Sciences, the National 


Research Council, and the Elizabeth Thompson Science Fund, as well as from the 
Faculty Research Fund of the University of Michigan. 
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Since it has been shown that conditions affecting the aphids at least 
a generation in advance of the beginning of an experiment may modify 
the results of the experiment (Shull, 1935), four different stocks of 
each of the two strains were continuously reared. One was kept at a 
temperature of 24°, one at 14°, one at alternating temperatures (24° 
for 8 hours, 14° for 16 hours daily), and one at room temperature which 
fluctuated considerably. All were in continuous light which was not 
necessarily of uniform intensity. 


The Method of the Experiments 


In general a complete set of experiments would proceed as follows. 
From each of the eight stocks mentioned above a number of aphids, 
both winged and wingless, were drawn shortly before (or m a few 
cases just after) they became adult. Some of each type of female 
were placed at a temperature of 24°, others at 14°. In each of these 
temperatures some were kept in continuous light, others m intermittent 
light (8 hours light, 16 hours darkness). In addition, some aphids 
from each of the stocks except the one in room conditions were brought 
to room temperature for one generation prior to the beginning of the 
experiment; their offspring, having grown up at room temperature, were 
then reared in each of the various combinations of conditions just ount- 
lined, 

It was never possible to do all of these things at once. However, all 
experiments involving one stock, and sometimes those from two of the 
stocks, could be done simultaneously. Since fairly consistent results 
were obtained from each treatment, it is unlikely that any serious error 
has been introduced by performing the various parts of an experiment 
at different times. 


Effect of Continuous and Intermittent Light in the 1923 Strain 


The results of these experiments can be presented only as total num- 
bers of individuals of the several kinds produeed under each combina- 
tion of conditions. This is best done in tabular form. In branching 
tables, the contrasting conditions placed nearest the data are the ones 
whose effeet is best shown, since pairs of adjoining numbers represent 
the contrast. Other contrasts are between numbers at some distance 
from one another, and are less readily seen. It will be necessary, there- 
fore, to arrange the data in several ways to show the significant results. 

In Table I the last column preceding the data (the fourth column) 
includes the two contrasted light conditions, namely, continuous and in- 
termittent (S hours of light, 16 hours of darkness). It is therefore the 
effeet of light which is best shown by this table. To save space the 
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TARIE Í 


The percentages of winged and intermediate-winged offspring produced by both 
wingless and winged aphids of the 1923 strain in various combinations of light and 
temperature both during and before the experiments. 


Offspring 


Tempera-] Tempera- 


Stock | ture of ture Light on From wingless parents From winged parents 
SEU parents of parents 
long De parents during 
from | experi- | experi- | ment | Total | percent- | PSE" |] Totat | pop. | Porger™ 
meni ment — age inter- || MUMber | centage] inter- 
ae le winged P — winged — — 
24° Cont. | 7,640 | 50.7 0:200 || 12,810 -59.7 0.37 
C46 aes E |) 3.08 Il 6777 137.0. Tao 
Py) Oms oe Sea RM CS) SS FE AD || a SS | aa se 
14° Cont.) 7,833) | 40,5 0 17,056 | 42.4 | 0.28 
sle | 5,592 16.6 S17 Soo los 6.35 
Pn ee ea (Nr | eee ee, ey Le eS | ene e n one ae 
24° Comte 2,522 ||) 247.4 0.12 2,261 | 40.0 0.04 
8-16 | 1,650 | 38.4 3.03 1437 | 28.6 4.38 
Room — —— — — — — — — — — — — j—m 
14° Cont | 2,587 lGe.7 0.08 2,001 | 32.2 0.22 
8-16 | 2,445 15.4 4.05 1,647 | 9.0 | 10.75 
24° | Cont. | 6,550 | 49.4 | 0.11 || 8,309] 330 | 0.13 
8-16 | 5,240 | 47.4 5.42 7,085 | 20.5 A 
14° T E e ee ee 
14° Cont. | 7,182 55.0 0.07 6,806 | 21.3 0.13 
8-16 | 5,307 | 20.4 S20 40845) tse ES 
(ae a | Aes (Sees ee Coe | eee ee |) eee 
24° Cont. 880 | SEI 0.11 S029 424 0.24 
8-16 846 39 502 5.020 | 20% 2250 
Room — ——— —— — — — — — Lm] 
14° Cont 1,238 50.8 0.00 3,030120 6 0.08 
8-16 | 1,017 | 18.6 | 7.37 || 3,169] 10.4 | 9.09 
24° Cont. | 5,581 49.3 0.13 10,505 1 55-3 0.39 
S lO |! 5,547 305 2.94 9 205013.7 4.20 
Alt. — —— — — — — MM 
14° Cont. | 1,297 35.8 0.12 12 TSG 6 0.13 
clo 5,702 13.0 T 8,9/5 | 10.92 
ae C oo a — 
24° Cont. | 2,902 44.9 0.21 4,094 | 35.8 0.07 
olomo 709) |) E354 3.03 3,545 | 25.3 2.03 
Room — —— — — — — — — — — — —— — — 
14° Cont Bins 225 44.6 0.09 4,650 | 34.1 0.04 
8-16 | 2,760 | 17.8 | 8.48 || 3,190| 7.4 | 7.62 
24° | Cont. | 4,415 | 46.8 | 0.18 || 8,015] 45.8 | 0.29 
O- 10 Bas, 912 41.1 2.94 6,821 | 30.3 4.31 
Room | Room |———|-—— | — — — — —__] 1mm 
14° Cont. | 4,694 43.8 0.17 9,268 | 44.8 021 
8-16 | 3,049 13s Soh! 7,263 | 10.8 9.54 
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actual numbers of individuals of the several kinds are not given; only 
their percentages of the total, which are essential to quick comparison, 
are indicated. Any one who wishes to know the numbers can readily 
calculate them from the total. Though this paper is concerned only 
with intermediate individuals, the percentages of normal winged aphids 
is also given for the sake of a comparison to be made on a later page. 

From Vable I it is clear that more imtermediate-winged aphids of 
this strain were produced in intermittent light than in continuous. This 
is true for both wingless and winged parents, for every stock, and for 
all temperatures both before and during the experiments. That is, in 
every combination of other agents, intermittent light yielded more in- 
termediates than did continuous light. Moreover, the differences are 
large ones; m no instance is the ratio less than 10:1, and in many sets of 
conditions the intermediates were 20 or even 50 times as numerous in 
intermittent as in continuous light. Jevidently continuity or discon- 
tinuity of light is of major importance in the production of intermedi- 
Mente tie l S S Sina 


Effect of Current Temperature in the 1923 Strain 


The results of the experiments with the 1923 strain are rearranged 
in Table LI so as to put the temperatures used during the experiment 
(24° and 14°) in the fourth column, next to the data, thereby contrast- 
ing most sharply the effects of these current temperatures. 

The last column of this table, relating to those reared in intermittent 
light, shows the most striking contrast. In every combination of other 
conditions, more intermediate-winged offspring were produced at 14° 
than at 24°. The differences are fairly large. the ratios ranging roughly 
from 1.3:] up to nearly 4:1. These differences are obtained, however, 
only in intermittent light. 

In continuous light (column 7), the differences are small and mostly 
in the opposite direction. That is, more intermediates are produced at 
24° than at 14° (one exception). Though all the numbers are siuall, 
the fact that nearly all the differences are of the same sign ean hardly 
ican other than that there is a significant reversal of the effect of tem- 
perature in continuous light as compared with the temperature effect in 
intermittent light. 


Wingless and Winyed Parents in the 1925 Strain 


sy rearranging the experiments with the two types of parents at the 
right of the branching table, as is done in Table Til, whatever difference 
there is in the tendency of wingless and winged parents to produce imn- 
termediate-winged offspring is best shown. 
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TABLE Tf 


The data of Table I rearranged to show the contrast between 24° and 14° tempera- 
ture in the production of intermediate-winged aphids by the 1923 strain. 








Offspring 
Tempera-/Tempera-| Produced in continuous Produced in 8-hr. light, 
Nature Stock — ture roduce light ntinuou a tte a 
par- came ae r # — 
ents from — o E Percent- P t- 
eo : = Aa i — Percent- — ore a Percent- De 
of off- — inter- of off- APE — 
spring winged tn ` spring Wingen B 4 j 
2a 24° 7,640 | 50.7 0.26 S502 | 52.5 
Tie S35 46.5 0.18 5,592 16.6 SH7 
Da ie aia E e EE N O a Oe S 
Room 2e A DLA I 47.4 0.12 1,650 | 38.4 3.03 
14° 2,387 62.7 0.08 2,445 15.4 4.05 
14° 248 6,550 | 49.4 0.11 5,240 | 47.4 5.42 
14° A1821 550 0.07 5,307 | 20.4 8.95 
a a ea E a | ie | eee es ee 
= Room | 24° sso| 511 | 0.11 346 | 39.7 | 5.52 
5 m° 1,238 | 50.8 | 0.00 1,017 | 18.6 7.37 
Alt 24° 5,501 49.3 13 5,547 39.5 2.94 
H 1 2 NS 5.8 0.12 5,702 13.0 EST 
Alt. — —— —— — — — — — ——— —— 
Room 2,902 | 44.9 0.21 2,709 | 35.4 3.03 
jlls 3,225 | 44.6 0.09 2,760 17.8 8.48 
Room | Room 24° 4,415 | 46.8 0.18 3,912 2.94 
14° | 4,604] 43.8 | 0.17 |) $049) 13 5.77 
24° 24° 12,816 | 59.7 0.37 O 37.0 4.01 
14° 17,056 | 424 0.28 17,335 1932 6.35 
ee SS E T | eee ee ee — 
Room 24° 2,261 40.0 0.04 1737 28.6 4,38 
14° 2,301 S202 0.22 1,647 9.0 10.75 
14° 24° 8,309 | 33.6 3 7,085 20.5 2.87 
14> 6,806 213 0 4,084 11.5 11.75 
W a | e ee — — 
ès Room | 24° 3,3291 424 0.24 3,326} 29.8 256 
T 14° 3,630 | 29.6 0.08 3,169 10.4 9.09 
> 
Alt 24° 105051553 0.39 9,205 3 20 
14° 12,786 39.6 0.13 8,975 12.9 10.92 
Alt. a | _ — — 


we. | — — —— — — — — — — — — — — — — — — — — — — — 


Room | Room 24° QOIS 45.3 0.29 6,821 30.3 4.31 
14° 9,268 | 44.8 0.21 7,263 | 10.8 9.54 
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This difference, though sometimes striking, is not everywhere of the 
same sign. In 21 of the 28 sets of conditions the winged parents pro- 
duced the more intermediate offspring, and most of the differences are 
of some size. Of the 7 exceptions to this rule, 6 are from parents 
which were reared at room temperature throughout their immature 
stages, suggesting that perhaps the peculiarly variable conditions thus 
introduced were favorable to intermediate-winged offspring. However, 
the seventh exception (which is the seventh pair in the left side of Table 
HI) was exhibited by parents not reared at room temperature; and the 
difference shown here is one of the more striking ones in the table. It 
seems impossible to bring the wingless and winged aphids under any 
general rule concerning their tendency to produce intermediate-winged 
offspring. 


Effect of Antecedent Temperatures we 1925 Strain 


Two other rearrangements of the results of the experiments would 
be required to show most directly the effects of the temperatures ap- 
plied to the aphids prior to the beginning of the experiments. One 
table would show any difference in the number of intermediate offspring 
produced by aphids taken from the several temperature stocks, that is, 
the stocks reared at 24°, 14°, alternating, and room temperatures re- 
spectively. The other rearrangement would show whether bringing the 
parents to room temperature through all their immature stages before 
using them in an experiment affected the number of their intermediate- 
winged offspring. The differences which these tables would show are 
not regular enough to warrant their presentation in that form. A state- 
ment of them, however, should be made. 

Keeping the experimental parents at room temperature through their 
immature stages, when that represented a change from previous con- 
ditions (as it would for aphids taken from the 24°, 14°, and alternating- 
temperature stoeks), caused them to produce fewer intermediate-winged 
offspring in 16 ont of 24 combinations of other conditions. Of the 8 
which showed the opposite effects, 6 were reared at 24° during the ex- 
periment, the other 2 were reared at 14°. Among these 8 likewise were 
aphids from each of the four temperature stocks. Again it 1s impos: 
sible to state a general rule describing the effect of a one-generation 
transfer to room temperature in advanee of an experiment. 

Still less regular is the difference between the various temperature 
stocks, in their tendency to produce intermediate-winged offspring. 
Aphids from each stock yielded more intermediates than did those from 
all the other stocks, in from one to three of the combinations of other 
conditions, This is true regardless of whether the aphids were brought 
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to room temperature for one generation before the experiment or not. 
Aphids changed from the allernating-temperature stock to room tem- 
perature yielded more than did those reared continuously at room tem- 


TABELE it 


Differences between wingless and winged parents of the 1923 strain in their 
production of intermediate-winged offspring under various conditions. (ws = wing- 
less, wd = winged.) 
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8 a2 A aY 22 oe ae OQ ae 
ae a ea WE n 2 P oo aE Seas n 2 78 
S| A 3 2 | w ea peis S n e | we H ES 
sole: ls: iS foe eo os || eaae E |oal = ear: Loe 
eel Ee lorie |a| 8 |s | Sd ll oS | es joe! s s| g |S |3% 
eo) ge eels (B12 |e |s| 58 | az |52| JŽ] |s | as 
— oo 7 + * b — te’) Lot «ee + ob A + 7 bet toy a) le m 
Saj so | Sols ° se |% sy oq 5 TEA g >o | Sa] g aU 
os © a v a5 25] T o © o A v SS jigo] es 
zoj] ES 535 3515 Ba | Sm] Se o (£S leS] we |S) sal] on) os 
58| BS | 5S/Ssls| se |55] esl] 5g | BS |55| 8s | s| se] ss] 53 
eal 3S lealae(4Z)] GS [MELAS] GS |35 les] ó |Z| label as 
24° | 24° | ws 7,640 | 50.7 | 0.26 24° ws | 2,522| 47.4 | 0.12 
wd | 12,816 | 59.7 | 0.37 wd | 2,261] 40.0 | 0.04 
Cont.|—— |——_] —_ | — — — — — 
WRS ws 7,835 | 46.5 | 0.18 E ws 880| 51.1 O.11 
wd | 17,056 | 42.4 | 0.28 a wd | 3,329| 42.4 | 0.24 
28° ——— | — | —— — — — —_- 24 — — — |} —_ — 
pao 2a? | ps |) 5.652 | 32.5 | 3.20 Alt. | ws | 2,902} 44.9; 0.21 
wd | 6,777 | 37.0] 4.01 wd | 4,094] 35.8 | 0.07 
8-16 ——_— | —_]| —_—__ jl- — — } 
14° | 24° |} ws | 5,592] 16.6] 5.17 Room | ws | 4,415) 46.8 | 0.18 
wd | 17,335 | 19.2 | 6.35 wd | 8,015| 45.8 | 0.29 
— | — i —_ | — — — — Cont. — — — — — 
24° ws | 2,387! 62.7 0.08 
wd | 2,301} 32.2 0.22 
14° } ws | 1,238) 50.8] 0.00 
wd | 3,630| 29.6 | 0.08 
ae eS ee eee ee ee 14° as ee | ee eee 
24° | 14° | ws | 6,550 | 49.4] 0.11 Alt ws | 3,225| 44.6 | 0.09 
wd} 8,309 | 33.6 | 0.13 wd | 4,650} 34.1 0.04 
Cont .|——|——| — — — — — — — 
14° | 14° | us | 7,182 155.0 | 0.07 Room | ws | 4,694| 43.8 | 0.17 
wd | 6,806] 21.3 {| 0.13 wd | 9,268] 44.8 | 0.21 
14 ——|— — —___ | ——_ Room — — — — — — — 
24° | 14° | ws | 5,240] 47.4 | 5.42 249 ws | 1,650} 38.4 3.03 
wd | 7,085 | 20.5 | 2.87 wd | 1,737| 28.6 | 4.38 
8-16 |——_|. —~ — — -——_- — — — —__—- 
14° | 14° | ws | 5,307 | 20.4 | 8.95 14° WS 846] 39.7 §.52 
wd | 4,084] 11.5 |11.75 wd | 3,326| 29.8 2.56 
er ss, ee en | a EE a 24° a eS ee 
Alt. | ws | 2,709] 35.4] 3.03 
wd | 3,545] 25.3 | 2.03 
Room | ws | 3,912] 41.1 2.94 
wd | 6,821) 30.3 | 4.31 
— | | — |__| — — | ——_ — 8- 10 — — | —_ — — — — 
24° | Alt.| ws | 5,581 | 49.3 i 0.13 yaks ws | 2,445] 15.4] 4.05 
wd | 10,505 | 55.3 | 0.39 wd | 1,647| 9.0 | 10.75 
Cont. |——|——|——|———|— — — — — 
14° [PATE ws | 257 | 35.8 | 0.12 14° ws | 1,017} 18.6] 7.37 
wd | 12,786} 39.6 | 0.13 f wd | 3,169| 10.4; 9.09 
Alt. —|— | -l L —— 14 — — — | ——_ 
24° | Alt.| ws | 5,547 | 39.5 | 2.94 Alt. | ws | 2,760} 17.8 8.48 
wd | 9,205 | 43.7 | 4.20 wd | 3,190| 7.4 7.62 
8-16 |—— — — — — — — — — - 
14° | Alt.| ws | 5,702 | 13.0 | 7.87 Room | ws | 3,049| 13.9 | 5.77 
wd | 8,975 | 12.9 | 10.92 wd | 7,263| 10.8 9.54 





perature in some combinations of conditions, but fewer in other com- 
binations. 
Antecedent temperatures on the whole thus give mixed results in the 
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production of intermediate-winged offspring. All these relations can 
be made out from the tables already given, though the numbers con- 
trasted are not im adjoming hnes. It seems not worth while to bring 
them thus together in view ot the impossibility of generalizing from 


them. 


Wing Production and Intermedtate Wings in the 1923 Strain 


It is worthy of note that in general the greatest production of mter- 
mediate wings does not accompany the greatest production of wings. 
Intermittent heht, with every combination of the other factors, resulted 
m more ntermediate-winged but fewer winged individuals, than did 
continuous light (Table T). Current temperature of 14°, with inter- 
mittent hight, produced likewise more intermediate-winged but fewer 
winged offspring than did 24°, in every combination of other factors 
(Vable II, mght). However, current temperature of 14°, with con- 
tinuous hght, produced mostly fewer itermediate-winged and at the 
same time mostly fewer winged offspring than did 24° (one or two ex- 
ceptions, Table II, Jett half). The differenees here are mostly small, 
however, for both the winged and the intermediate-winged. 

Within any one of these major groups, the relation between wing 
production and intermediate wings may also be determined from their 
correlation, This has been calculated for the two halves of Table I 
separately. For the right half of that table. where production of inter- 
mediate wings is everywhere high and that of uormal wings moderate, 
the correlation between the two is found to be r == — 0.68 + 0.10. This 
means that in general the fewer the wings the more numerous the inter- 
mediate wings. This negative relation is not due, however, to a mere 
conversion of wings into half-grown wings at low temperature. Leven 
if all the imtermedhate-winged aphids were converted into winged ones, 
there would still be in most conditions a considerable deficit of winged 
individuals at the lower temperature. 

For the left half of Table II the corresponding correlation between 
Wings and intermediate wings is 7 0.26 + 0.18, which is positive but 
not of proven significance. There is no simple relation, therefore, be- 
tween production of wings and production of intermediates; but on the 
Whole these two things are oppositely affected by the same sets of con- 
ditions, 

The bearing of these facts on the nature of intermediates is dis- 


cussed in a later sectioun. 
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The 1931 strain of aphids differs very considerably from the 1923 
strain im the production of both winged and intermediate-winged indi- 
viduals. The proportion of intermediate aphids in the 1931 strain is 
only about one-eleventh of that in the 1923 line. In wing production, 
the 1931 strain resembles the 1923 strain during the latter’s first six 
years; that 1s, before its “ mutation ” of 1929, The 1931 line is thus 
more hike clone A than hke clone A’ of a former paper (Shull, 1932). 
Both clone A and the 1931 strain produced more winged individuals in 
intermittent than in continuous light; and when the relatively weak light 
used in the recent experiments is taken into account, the degree of their 
response to hght 1s probably not very different. 


Effect of Continuous and Intermittent Light on Intermediates 
im the 1931 Strain 


The experimente with the 193i sma are frst presented with) ihe 
contrast between continuous and internnttent light most plainly shown, 
as in Table IV. In 27 of the 28 pairs of percentages of intermediate- 
winged offspring the larger percentage is that obtained in intermittent 
hght. The numbers are mostly small, but the fact that im all but one 
pair the differences are in the same direction indicates the significance 
of the result. 

The only situation in which the difference is very marked is that in- 
volving a succession of 24°, room, and 14° temperatures; that is, in 
which aphids from the 24° stock were put at room temperature where 
their offspring grew to maturity, and these offspring became the parents 
in the experiment at 14°. Both wingless and winged parents responded 
in the same decisive way, hence the large number of intermediate off- 
spring can hardly be accidental. 

The one exception to the direction of difference arose from a situa- 
tion like that above except that aphids from the 14° stock were used. 
The preceding temperature (room) and the current temperature (14°) 
were the same. The difference was small, and the reversal of its sign 
is found only among the offspring of winged parents; hence it is of 
questionable meaning. 


Effect of cAutecedent Temperatures on Interinediates 
im the 1951 Clone 
By rearranging the results obtained with the 1931 strain as im 
Table V, the effect of temperatures applied to the ancestors of the ex- 
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Taste IN 


The percentage of winged and intermediate-winged offspring produced by both 
wingless and winged aphids of the 1931 strain in different combinations of light and 
temperature both during and before the experiments. 
































Offspring 
T ae 
eas Brock eo Light on From wingless parents From winged parents 
parents | parents pig — 
during — ng —— P > 
shai from experi- ment Total Per- p on Per- i ie 
ment p centage| inter- por i centage| inter- 
spring —— pny spring eee ee 
Zi Cont. 6238 — 0.06 6332 6.7 0.13 
8-16 5827 26.8 0.46 5055 18.8 0.69 
Dae ae E E A o E E) O O E 
Room | Cont. 2094 S27 0.00 1717 20.8 0.06 
S-16 2063 29.3 0.58 1659 25.8 0.60 
14° Cont. 6742 4.8 0.06 3411 1.0 0.09 
8-16 6169 33.9 0.24 3315 20.2 0.72 
24° E E a een EE ORES EE E E 
Room | Cont. 2758 IS 0.11 1824 4.6 0.00 
S-16 2913 | 32.4 0.27 1707 RS 0.06 
Alt. Cont. | 3720 7.2 0.05 5304 7.9 0.23 
8—16 3642 10.2 0.14 SHA 1 22.5 0.45 
Alt... | — — — ic j_ qr —_ lm qc 
Room | Cont. | 3945 12.4 0.03 1412 3.0 0.00 
8-16 2546 26.8 0.31 980 7.4 0.20 
Room | Room | Cont. | 6709 | 21.0 0.18 6480 7.0 0.23 
8-16 5231 33.5 0.98 5214 18.4 0.98 
24° Cont. 6306 14.7 0.08 6557 10.7 0.08 
8-16 5187 ree 0.42 5506 15.0 0.64 
fe. E nee SRS —— 
Room | Cont. 2593 | 43.0 0.12 2086 | 39.8 0.10 
8-16 2196 53.6 2.46 1557 37.9 4.52 
14° Cont. 1550 9.4 0.05 3990 3.0 0.00 
8-16 6074 82.6 0.36 3381 67.7 0.62 
14° [— — — — — 
14 Room | Cont. | 2874 | 12.6 | 0.14 1586 9.6 | 0.06 
8 16 2473 $5.5 0.36 Wale: $4.0 0.00 
| ae Ln — | — 
| Alt. Cont. 4358 13.6 0.02 5735 —— 0.04 
8-16 3774 89.1 0.19 5088 83.7 0.35 
Flt. — ii 


Room | Cont. 4024 16.4 0.05 1441 3 0.00 
8-16 3134 | 86.8 0.10 11707345 0.08 








Room | Room | Cont. 6463 14.6 0.11 6308 10.1 


0.32 
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The data of Table 1V rearranged to show the effect of different antecedent 
temperatures applied to the parent aphids of the 1931 clone. 
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perimental aphids is shown. The last column preceding the actual data 
shows the temperature applied to just one generation prior to the be- 
ginning of the experiments. Since, however, there is some coupling of 
the temperature applied to that generation with the temperature ot pre- 
ceding generations (not all combinations having been tried), it is a 
combination of the last two (third and fourth) columns of the branch- 
ig part of the table to which the data are most closely related. 

This arrangement shows that aphids taken from the room tempera- 
ture stock yielded more intermediate-winged offspring than did those of 
anv ot the stocks kept at other temperatures (24°, 14°, alternating), 
provided the stock conditions were maintained up to the very beginning 
of the experiment. This ts true of both wingless and winged parents, 
and of every combination of other conditions, though one of the differ- 
ences is so slight as not to appear as a difference in the table. 

Changing the parents to reom temperature from one of the other 
temperatures (24°, 14°, or alternating) yielded on the whole more in- 
termediate-winged offspring than did continuing the stock temperature 
up to the beginning of the experiments, if wingless parents were used, 
but fewer intermediates if winged parents were used. There are, how- 
ever, three exceptions out of twelve to each part of that statement. 
Moreover, one of the exeeptions ts one of the only two very striking 
differences to which attention was called in the preceding section. These 
exceptions, which do not themselves possess any one characteristic in 
common, weaken the generalization that seems otherwise warranted. 


Effect of Temperature and of Nature of Parents on Production 
of Intermediates in 1931 Strain 


The remaining faetors produce too little or too variable an effect on 
intermediacy to warrant rearrangement of the data in tables to show 
those effects clearly. The following statements of these irregular 
effects can be verified from the tables already given, by comparing per- 
centages not adjacent to one another. 

The nature of the parents has no regular influence on the number of 
intermediates. Winged parents produced more intermediate offspring 
in 17 combinations of external conditions, but fewer in IIl combinations. 
Eight of the latter group of 11 came from 14° and alternating tenpera: 
ture stocks and in addition were at room temperature for one genera- 
tion before the experiment started, 

Current temperature had no consistent effect, since aphids at 14° 
produced more intermediates than did those at 24° in 13 combinations, 
but fewer in 14. and an equal number in}. No single factor is common 
to all of the 13, nor to all of the l4. 
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Relation of Tmtermediacy to Wing Production in the 
J951 Sira 


As was stated earlier, the only situation in which the 1931 clone pro- 
duced very many intermediate-winged individuals was intermittent light 
and a current temperature of 14°, applicd to parents which came from 
the 24° stock but which were reared at room temperature throughout 
their own immature stages (cighteeuth line, Table TV). 

These conditions are not exceptionally conducive to production of 
normal-winged aphids. Winged individuals were, it is true, more 
abundant (47 per cent) under these conditions than im the experiments 
as a whole (34 per cent) in the 1931 strain. But other combinations of 
conditions resembling this one yielded higher wing production as often 
as lower. Thus, changing only the current light from intermittent to 
continuous served to reduce wing production 13 per cent; and changing 
only the current temperature from 14° to 24° reduced wing production 
19 per cent. But omitting only the change to room temperature during 
the immature stages of the parents in the experiments increased wing 
production 29 per cent; and taking the parents from the 14° or the 
alternating temperature stock mstead of the 24° stock increased wing 
production 38 per cent and 39 per cent respectively. None of these 
percentages appears directly in any of the tables, since they are based 
on the combined output of both wingless and winged parents. 

It may also be pointed out that the set of conditions yielding the 
most intermediate individuals produced fewer winged ones than any 
other set of conditions that included a current temperature of 14°, but 
more than any set involving 24° temperature during the experiments. 

On the whole, therefore, the greatest number of intermediate aphids 
would seem to be produced under circumstances which favored medium 
wing production in this strain. 

Less connection between wings and intermediate wings is to be seen 
in a comparison of lines 17 and 18 in Table IV. The two very large 
percentages of intermediates are shown in line 18. The conditions re- 
sulting in the aphids of line 17 differ from those producing the aphids 
of line 18 only in that they included continuous light instead of inter- 
nuttent light. This one change reduced the proportion of winged aphids 
only moderately, but reduced the intermediates very greatly. Con- 
tinuous light reduces the number of winged aphids in some other clones 
(clone A, for example, Shull, 1932), and in general does so for the 
1931 strain used in these experiments. That response is well shown in 
Table V, where the percentages of winged individuals are consistently 
lower in the upper half of the table than im the lower. But in that 
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upper half, the percentages in the ninth line stand out as far higher than 
any others. Continuous light had little of its usual effect on the num- 
ber of winged offspring in this particular combination of other agents, 
but reduced the intermediate-winged individuals to as low a proportion 
as the average of all others in continuous light (upper half of Table V). 
It is possible, therefore, to change the production of intermediates with- 
out greatly changing the production of normal-winged aphids. 

Tf the relation of intermediates to winged aphids is to be studied by 
the correlation method, the data of the 1931 strain must be broken up 
into three parts. Since intermittent light favors both wings and inter- 
mediate wings, strong correlation between the two would be shown by 
the data as a whole, but this would indicate nothing more than Table IV 
does. Current temperature also has a marked effect on wing produc- 
tion in intermittent light, though not in continuous light. Since calcula- 
tion of correlation coefficients is justified only when the two variable 
qualities are distributed untmodally, and is most significant when the 
distribution is fairly symmetrical, separation of the data into three 
groups is necessary to avoid wide gaps and extreme skewness. The 
three groups are (1) those aphids reared in intermittent light and at 24°, 
(2) those reared m intermittent ght at 14°, and (3) those reared in 
continuous light without distinction of temperature. From two of these 
have been omitted two percentages (winged aphids in one, intermediates 
in the other) beeause they were so high as to create the discontinuity 
which grouping the data was designed to prevent. These high percent- 
ages must have some special reasons with which correlation studies are 
not fitted to deal. The three coefficients of correlation between per- 
centage of winged and percentage of intermediate-winged are, respec- 
tively, 30 + .24+,— 7/0 + 15, and .03 + 20. Two are insignificant, the 
third strongly negative. 

It seems clear, therefore, that whatever is inducing wing develop- 
ment in these more unified segments of the experiments is not pai 
ticularly conducive to production of intermediates—is, indeed, some- 
what opposed to it. 


Conceivable Schemes of Stimulation 


The general method of explaining intermediates proposed by Gold- 
schmidt (1923 et al.) particularly for mtersexes is perhaps applicable to 
aphids. ft involves the assumption that something (a hormone) re- 
sponsible for the development of structural characters is present in dif- 
ferent concentrations at different times, usually in increasing concentra- 
tions with increasing age during the critical period of development. 
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Since the sexes start development under the influence of different 
groups of genes, and since they typically possess in the end quite differ- 
ent structures, it was natural to assume two hormones, one for each sex. 
Development of the individual began with one of these hormones in the 
ascendancy, but somewhere in the course of differentiation it was over- 
taken by the other hormone, the moment of passing being the “ turning 
point.” Structures determined before that point were like those of one 
sex, characters determined after that point were like those of the other 
SENG 

It would be possible to make the same assumptions regarding inter- 
mediates between winged and wingless aphids. These aphids, however, 
are presumably genetically alike. Moreover, the difference between 
them lies almost entirely in the possession by the winged type of a group 
of characters which are wanting in the wingless. It is therefore simpler 
to represent the differentiating characters as dependent upon the concen- 
tration of a single substance in the critical period of development. No 
serious flaw would be created in the concept of the fundamental nature 
of the intermediates even if this representation should prove to be in 
errom 

It is assumed for the purpose of this discussion that this one hor- 
mone varies in concentration during development in the general manner 
portrayed by Goldschmidt’s curves, which were originally suggested, no 
doubt, by the course of other biological processes in developing organ- 
isms. In proper concentrations it will be regarded as a stimulus to the 
development of the differential characters of the winged type, though it 
could as well be considered an inhibitor. The unsegmented egg will be 
represented as possessing only a minimal quantity of this hormone, 
though it is conceivable that the egg might have a higher concentration 
than any later stage. Within these self-imposed limits we may imagine 
the influence which various situations would have on the frequency and 
nature of intermediates. 

Differentiating Characters —The winged female aphid differs from 
the wingless in having wings, three ocelli on the head, wing muscles in 
the thorax, and extra sensoria on the third segment of the antenne (4-6 
in the wingless, 15-18 in the winged). There are color differences, the 
third segment of the antennze being blackish and the thorax brownish in 
the winged type, but these are subject to considerable variation and are 
not included in this discussion. It is the four structural characters 
named which are assumed to develop if a certain concentration of the 
stimulating hormone is attained early enough. 

Sharply Defined Single Thresholds—The line of demarcation be- 
tween wingless and winged could be a sharply defined level of concentra- 
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tion of the hormone. such that any deficit, however slight, would leave 
the differentiating structures wholly absent, while any excess, however 
small, over this level would cause those structures to be fully developed. 
The simplest case would be that in which the same concentration of the 
hormone would stimulate the development of all four structures—wings, 
ocelli, wing muscles, and sensoria. 

The time in development at which these structures have their fate 
(their presence or absence) decided could likewise be a sharply defined 
moment, such that if the stimulus were applied in advance of that time 
the structures would develop, while 1f the stimulating level of the hor- 
mone were attained even only slightly after that time the organs would 
be entirely lacking in the adult. The simplest case is again that in which 
the time of determination is the same moment for all four of the struc- 
Hikes, 

This situation is represented in Fig. 1, A, in which time during de- 
velopment is expressed by horizontal distances and concentration of the 
hormone by vertical distances. The curves indicate the rate of accumu- 
lation of the hormone during development. Any curve passing to thie 
left of and above the dot in the middle of the chart would be that of a 
winged adult ; any curve below and to the right, that of a wingless adult. 

Intermediate individuals would be practically excluded by the rela- 
tions here deseribed, since very seldom would a curve of concentration 
pass exactly through the intersection of stimulation level and time of 
determination. 

Different Times of Determination. —The preceding situation could be 
modifed by having different times of embryonic determination for the 
four structures, but the same concentration of the hormone as a stimulus 
for all. This condition is represented in Fig. 1, B. The order of de- 
termination of the four differentiating features is arbitrarily assumed 
purely for purposes of illustration. All curves of hormone concentra- 
tion rising rapidly enough to pass the stimulating level in advance (to 
the left) of all these times of determination would be those of winged 
aphids; while all curves reaching that level to the right of (after) all 
the times of determination would be those of wingless individuals. 
Curves between these limits would lead to mosaics. The second curve 
in A would be that of an aphid having ocelli, wing muscles and extra 
antennal sensoria fully developed, but lacking wings entirely. Tlie 
third curve would pertain to one lacking wings and ocelli altogether, but 
having wing muscles and extra sensoria fully present. The fourth curve 
would belong to an aphid having extra antennal sensoria to the full nun- 
ber, but lacking all the other marks of a winged individual. 

It is proposed in this paper to use the term mosaic for a patchwork 
of typical parts, the word intermediate for an individual in which one 
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or more structures are partially developed. “ Typical parts ” means, in 
wingless aphids, the absence of any degree of the marks of a winged 
aphid. A mosaic thus wotld have one or more of the features of the 
winged aphid completely developed, but lack the others entirely. One 
Individual could be both mosaic and intermediate, by having certain 
structures either fully developed or wanting, other structures partially 
developed. 

The conditions described in 6b would lcad to a certain nmnber of 
mosaics, but rarely to intermediates. How many mosaics there were 
would depend partly on the lengths of the intervals between the times 
of determination. 

Different Levels of Stimulation —The several features of a winged 
aphid could be stimulated to develop by different concentrations of the 
hormone. If there were a single time of determination for all four of 
these features, the general situation would be as shown in Fig. 1, C. 
Without further explanation it should be clear that the second and third 
curves are those of mosaics, the second possessing ocelli, wing museles 
and extra sensoria, the third having only wing muscles and sensoria. 
Intermediates would be rare, and the number of mosaics would depend 
on the extent of the differences among the levels of stimulation. 

Range of Stimulation—tit seems likely that a certain concentration 
of the hormone could not act suddenly to determine a complete strue- 
ture. More probably a given concentration, if applied early enough, 
serves to stimulate a slight development of the strueture, while a greater 
concentration would cause a greater development of it. There would 
thus be a level (concentration) of beginning differentiation, and a level 
of complete differentiation. If this range of stimulation were identical 
for all four of the features of the winged aphid, and if there were a 
sharp time of determination likewise common to all four of them, the 
conditions would be represented by Fig. 1, D. Under these conditions 
there could be some intermediates, but no mosaies. Any individual 
whose hormone concentration rose above the level of beginning differ- 
entiation before the time of determination, but did not rise as high as 
the level of complete differentiation until after that time, would be an 
intermediate. All four of the distinguishing structures would be only 
partially developed. They might not be developed to equal degrees, 
sinee they might respond at different rates to increasing quantities of 
the hormone. The second curve in D would belong to an aphid having 
wings, ocelli, wing muscles, and antennal sensoria highly, but not com- 
pletely, developed, the third curve to one in which these structures were 
only shghtly differentiated. 

How many intermediates were produced would depend m part on 
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the difference between the concentration which would begin and that 
which would complete the differentiation. 

Period of Determination.—It is not necessary that a structure have 
its fate irrevocably fixed at one moment in development. That deter- 
mination may be spread over a period of time. If the hormone rises to 
a stimulating concentration just before that period ends, the structure 
may be supposed to be slightly developed. If the hormone reaches a 
stimulating level soon after the beginning of the period of determina” 
tion, the structure would be highly but not completely developed. In 
Fig. 1, E, it is assumed that there is one period of determination for all 
structures and one sharp level of stimulation for all of them. 

The above situation would lead to the production of some mter- 
mediates, but no mosaics. The middle curve of / would be that of an 
aphid having perhaps half-developed wings, ocelli, wing muscles, and 
extra sensoria. How many intermediates there were would depend on 
the length of the period of determination. 

Range of Stimulation and Period of Determination—There may 
conceivably be a range of stimulation levels (as in D) and also a period 
of determination (as in E). The simplest such situation is one in which 
all four differentiating structures would be stimulated by the same range 
of concentrations of the hormone and be determined during the same 
period of time. It is represented in Fig. 1, F. Any curve of hormone 
concentration which passed through the rectangle formed by the inter- 
section of the range of stimulation and the period of determination 
would be that of an intermediate. All the differentiating structures of 
such an individual would be partially developed, though not necessarily 
to an equal extent. There would be no mosaics. How many imter- 
mediates were produced would depend partly on the size of the rectangle 
—the extent of the range of stimulation and the length of the period of 
determination. 

Range of Stimulation with Different Times of Determimation.—lt 
there be one range of stimulating concentrations of the hormone com- 
mon to all four of the structures, and sharply defined times of deter- 
mination which are different for all four, the conditions are those por- 
trayed in Fig. 1, G. Any curve cutting one of the heavy vertical lines 
would belong to an individual intermediate for the structure whose time 
of determination and range of stimulation that heavy line represents. 
The same individual would be mosaic for any structures whose heavy 
line its curve did not cut. Thus, the second curve in G would be that 
of an aphid lacking wings, having almost complete ocelli, and having 
fully developed wing muscles and sensoria. The third curve would he- 
long to an individual lacking wings and ocelli, but having partially de- 
veloped wing muscles and fully developed sensoria. 
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Individuals not typically winged or wingless, produced under the 
above conditions, might well be both mosaic and intermediate. Some of 
them would perhaps be mosaic alone, especially it the range of stimula- 
tion were narrow and the times of determination were widely spaced. 
Most of then would be intermediate ouly, if the range of stimulation 
were broad and the intervals between tunes of determination were very 
short. 

Common Period of Determination with Different Levels of Stimula- 
fion.—Another possibility is that all structures have the same period of 
determmation but different sharply defined levels of stimulation, as in 
Pig. 1, #. An individual would be intermediate for a given character 
if its hormone curve cuts the heavy line representing its period of deter- 
mination and level of stimulation. It would be mosaic for (either pos- 
sess or lack) any structure whose corresponding heavy line it did not cut. 

Intermediates would prevail if the period of determination were long 
and the stimulation levels close together. Mosaics would be more com- 
mon if the period of determination were short and the levels of stimula- 
tion far apart. Many atypical individuals would doubtless be both 
mosaic and intermediate. 

One Level of Stimulation with Distinct Periods of Determination.— 
A single sharp level of stimulation for all distinguishing structures may 
be combined with periods of determination which are different for the 
different characters. If these periods do not overlap, the situation is as 
pictured in Fig. 2, 7. The second curve in J is that of an individual 
with partially developed wings and the other three features of a winged 
aphid fully formed. The third curve is that of a mosaic having wing 
muscles and sensoria fully developed but wholly lacking wings and 
ocelli. Intermediates would prevail among atypical individuals if peri- 
ods of determination were long and close together; mosaics would lead 
m numbers if periods of determination were short and separated by 
wide intervals. 

Single Time of Determination with Separate Ranges of Stimula- 
fion.—lf all the differentiating structures were determined at the same 
moment, but cach had its own range of sthnulation which did not over- 
lap any of the others, the situation would be that represented by Fig. 
2,J. The second curve of this chart, cutting one of the heavy lines rep- 
resenting tine of determination and range of stimulation but missing 
the others, represents a mosaic and intermediate individual. The third 
curve, missing all the heavy lines, is that Of a mosaic only. Intermedi- 
ates would be favored, among atypical aphids, by wide ranges of stimm- 
lation close together; mosaics would be favored by narrow ranges widely 
spaced. 
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One Range of Stimuiation with Distinct Periods of Determina- 
tion.—If{ stimulation occupied a range common to all structures, and 
each organ had a different period of determination without overlapping, 
Fig. 2, A, would represent the conditions. The three curves in the 
middle are those of both mosaics and intermediates, since each curve cuts 
one or more of the heavy rectangles and misses one or more others. If 
the rectangles were narrow and high and close together laterally (that 
is, if periods of determination were short and not far apart while the 
threshold of complete differentiation were far above the threshold of be- 
ginning differentiation), most atypical individuals would be intermediate 
only. If periods of determination were short and widely separated, 
and the range of stimulation were narrow, mosaics would predominate. 

Common Period of Determination with Distinct Ranges of Stimula- 
tion.—The situation indicated by this title is portrayed in Fig. 2, L. 
Individuals would be intermediate for those characters whose rectangles 
their hormone curves traverse, mosaic for those whose rectangles are 
missed altogether. If the common period of determination were long, 
and the ranges of stimulation were narrow and elose together, most 
atypical aphids might well be intermediate only. In most other situa- 
tions of this general kind, combined mosaics and intermediates would 
be more likely. 

Distinct Periods of Determination and Separate Ranges of Stimula- 
tion—In Fig. 2, M, is shown the combination of different periods of 
determination and different ranges of stimulation, without any over- 
lapping of either periods or ranges. Many possibilities for either few 
or many intermediates, few or many mosaics, are presented by this 
situation. If the structures having early determination have low 
stimulation ranges, and those determined late have high stimulation 
ranges, so that the rectangles are arranged along a line rising obliquely 
to the right (as is more or less true in M), and if the curve of concen- 
tration of the hormone follows approximately this same course, the 
curves would cut most of the determination-stimulation rectangles if 
they cut any of them, and mostly intermediates would result. An 
atypical individual might easily be itermediate for all the distingutsh- 
ing characters. If, however, structures determined carly had high 
ranges of stimulation, and those determined late had low ranges of 
stimulation, so that in the figure the rectangles of determination and 
stimulation were arranged along a line sloping downward to the right, 
cutting the curve of hormone concentration nearly at a right angle, 
mosaics would prevail if the rectangles were small, and mosaie-iter- 
mediates would be most common if the rectangles were large. Many 
other relations between the period of determination and range of stimu- 
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lation could exist, such that the rectangles would be distributed irregu- 
larly in relation to the hormone curve. Tach of these sets of relations 
would result in a particular frequency of mosaies or intermediates or 
both. 

Distinct Periods of Determination with Overlapping Ranges of 
Stimulation —The opportunity for pure mosaics would be reduced by 
having the ranges of stimulation overlap. This condition along with 
distinct periods of determination, is shown in Fig. 2, N. Unless the 
overlapping of ranges were very slight, it would be difficult for the hor- 
one curve to pass between rectangles. While curves near the winged 
or the wingless extreme might miss some of the rectangles, they could 
scareely miss all of them and still belong to atypical individuals. 

Overlapping Periods of Determination with Distinct Ranges of 
Stunulation—Equally difficult, with the preceeding situation, for the 
production of pure mosaics would be the condition in which the periods 
of determination overlap while the ranges of stimulation are separate. 
In Fig. 2, O, where this situation is represented, there might appear to 
be a greater chance for one of the atypical curves to miss all the 
rectangles than in M, but that is only because the periods of determina- 
tion have been assigned a smaller spread than was given to the ranges 
of stimulation in N. Most atypical aphids produced under these con- 
ditions would have to be intermediate with respect to some characters, 
and could easily be intermediate for all their distinguishing marks. 

Overlapping of Both Periods of Detcrinination and Ranges of 
Stimulation —Still more favorable to intermediates, as compared to 
mosaics, than any of the preceding arrangements is that in which both 
the periods of determination and the ranges of stimulation overlap, as 
in Fig. 2, P. If the limits of the several periods and the several ranges 
did not differ very greatly, there would be few atypical curves that did 
not traverse several of the determination-stimulation rectangles, and 
many would traverse all of the reetangles. Intermediates would thus 
predominate over mosaies, though individuals both intermediate and 
mosaic could be fairly common. 


The above are not all of the conceivable combinations of stimulation 
and determination. They will suffice, however, to illustrate the possi- 
bilities farther than there is any present possibility of forming judg- 
ments from them. 


Nature of the Production of Atypical Forms 


Since the factors which govern morphogenesis are as yet only very 
imperfectly understood, the possibilities outlined in the preceding sec- 
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tion may all be taken into account. What information, if any, concern- 
ing them is furnished by the methods of producing the intermediates ? 

Analysis of the characters of the atypical aphids has only begun, and 
it is too early to attempt to draw from them the conclusions to which 
complete study may lead. -\lreadyv, however, it is clear that most 1f not 
all of them are intermediate in one or more respects. To what extent 
they may also be mosaic is not at present known, but very few of them 
are pure mosaics. 

This fact should mean that the first few situations represented im the 
eurves of Fig. Lare less likely to exist than are the later ones or those of 
Fig. 2. Since sharply defined times of determination and levels of hor- 
mone stimulation would lead to mosaics, the facts so far ascertained 
favor the existence of a spread in one or both of these elements. FE1ther 
there must be a difference between the concentration of the stimulating 
hormone which will lead to slight development of a structure and the 
concentration which will complete it, or the amount of development must 
depend in part on how long the effective stimulation is applied, or both 
of these statements must be true. Only a more complete knowledge of 
mdividual intermediates will indicate how much spread is required. 

Until some physiological basis of embryonic determination? in the 
aphids is discovered, either a range of stimulating concentrations or a 
gradual process ef determination may be postulated to explain inter- 
mediate individuals. Which is the more likely, or are both probable? 

One fact reported in this paper which appears to bear on tlus ques- 
tion is the large difference in the capacity of the two strains used to pro- 
duce intermediates. The 1931 line produced less than one-tenth of the 
number of intermediates produced by the 1923 strain. Also, this ca- 
pacity to produce intermediates must be subject to large modifications, 
since the high capacity of the 1923 line (clone A’, Shull, 1932) arose 
suddenly by a “mutation from a stock (clone 1X) which was produc 
ing apparently no more atypical individuals than the 1931 strain now 
produces. Which of the possible bases of intermediacy is more likely 
to exhibit large differences in different strains, or more likely to be sub- 
ject to considerable change ? 

2 The word “determination” is used in this paper despite its obvious derccts. 
Since different events occurring at different times may be necessary antecedents of 
a morphogenctic change, a structure could not be said to be actually determined 
until the last such event had taken place. A morphological feature may be deter- 
mined, as far as one agent is concerned, later than it is determined in relation to 
another agent. Were it possible, in the aphid experiments, to designate a single 
agent in relation to which determination was being considered, a better term that 
would not be too cumbersome could be devised. But the tables presented in this 
paper indicate that a complex set of circumstances is involved. Any substitute for 


the word determination that would be an improvement upon it would be unwieldy. 
Biologists are not likely to be misled, in this connection, by the briefer term. 
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Intermediacy could be made more frequent by increasing the length 
of the period or periods of deternunation, or by increasing the range of 
stimulation, so that more curves of concentration of the hormone would 
pass through them. Tt could also be made more abundant by bunching 
the curves of concentration; that is, by creating a set of conditions 
which would cause larger numbers of individuals to develop their stimu- 
lating hormone at approximately the same rate, which would have to be 
a rate that would make the curves of concentration traverse the lines or 
rectangles representing periods of determination or ranges of stimula- 
tion or both. This concentration of the hormone curves in a narrow 
band would have to occur in one strain of aphids, but not in another 
subjected to the same combination of light and temperature, or any other 
combination vet tested. 

The second of these postulates, the clustering of the rates of hor- 
mone development, involves an increase in the measure of control ex- 
erted by the animals over the process of development. A strain of 
aphids in which more individuals developed in the same way would be 
exercising more regulation than would a line in which hormone increase 
was more nearly random. Now, the 1923 strain, which is the one in 
which such clustering of rates of hormone development would have to 
occur, does not regulate wing production nearly as precisely as does the 
1931 line. Wing development responds to light conditions much more 
definitely in the latter than in the former, as a glance at the respective 
tables shows. The fact that the effect of intermittent light is reversed 
in the two strains is not at issue; the significant point is that the effect is 
much more precise in the 1931 strain than in that of 1923. It seems 
scarcely likely, therefore, that the control over rate of hormone concen- 
tration would be greater in the older line than in the newer one. 

If this conclusion is justified, there is left the extent of the period of 
determination or of the range of stimulating concentrations of the hor- 
mone, or both, to account for intermediates. Nothing in the experi- 
ments here reported appears to provide a choice as between these two 
possibilities. However, embryonic development is known to consist in 
some animals, at least in part, of a chain of events in which some or all 
of the events provide the stimuli leading to later events. To whatever 
extent this is true, it would be difficult to imagine any great extension of 
the periods of determination of structures. Were many of these to be 
extended, and were each to wait upon the culmination of some preceding 
event, embryonic development would be correspondingly prolonged. 
Nothing is known that would render it probable that the embryos which 
become intermediate or mosaic adults take longer to develop, though the 
numerous ovarioles would make it possible for that to happen and for 
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the young aphids to be borne out of their regular turns based on the time 
of starting cleavage. On the whole, it would seem unlikely that em- 
bryonic development is retarded greatly by the factors leading to in- 
termediacy. 

The concentration of the hormone, on the contrary, is subject to no 
such known limitation. So far as anvone knows, the level of stimula- 
tion of completed differentiation could be farther above the level of be- 
cinning differentiation in one liie of aphids than in another. So far as 
known there is no chain of events involved in the concentration of the 
hormone, such that one structure cannot begin to be stimulated to de- 
velop before the stimulation of another is completed. 

It is suggested as more probable, therefore, that intermediacy in 
these aphids depends upon a gap between the thresholds of stimulation 
of beginning and of complete differentiation, rather than upon periods 
of determination or clustering of the rates of hormone development. 

How this conclusion is related to the differences in the number of 
intermediate individuals induced by environmental conditions is difficult 
to ascertain. If the general concept that hormone concentration and 
range of stimulation levels combine to determine the winged type is cor- 
rect, higher proportions of intermediates could be produced at the ex- 
pense of winged aphids by lowering the hormone curves (reducing the 
rate of accumulation of the hormone) or at the expense of wingless 
all on the assumption, made to 





aphids by elevating the hormone curves 
simplify the discussion, that the hormone is a stimulant rather than an 
inhibitor of the development of the characters of the winged females. 
The more striking changes in the number of intermediates produced by 
light and temperature in the 1923 strain were in general of a sign op- 
posite to that of the change in the number of typical winged females 
produced by the same conditions. The suggestion contained in this 
comparison is that intermediates were being produced at the expense of 
winged adults. The reduction of the winged ones was in general, how- 
ever, several times as great as the increase of the intermediates. In 
other words, many winged aphids were being converted into wingless 
ones as well as some into intermediates. This fact is not opposed to 
the supposition that hormone accumulation was being retarded; but since 
there were many wingless in most environmental conditions, a mere 
lowering of hormone curves would not necessarily leave any more of 
them in the intermediate zone. It would seem necessary to suppose 
that. in the lowering of the hormone concentrations, there was either an 
accumulation of the curves in the intermediate zone, or a widening of 
the ranges of stimulation so that more curves would intersect them. 
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One reason for not assuming an accumulation of hormone curves in the 
intermediate regions has already been pointed out. 

It is worthy of note that in the 1931 strain, the only set of condi- 
tions which induced many intermediates served to increase, rather than 
diminish, the number of winged individuals (from wingless parents) or 
had practically no effect on the number of winged ones (from winged 
parents). If the explanations discussed above were to have general 
validity, it would be necessary to suppose that the intermediates from 
wingless parents were being produced at the expense of wingless ones, 
which might be due in part to a general lifting of the hormone curves. 
This contrast in the behavior of the two strains reealls their different 
responses to intermittent light in the production of wings; intermittent 
light produces fewer winged aphids in the 1923 strain, but more winged 
ones in the 1931 strain. There may be some common basis for these 
two differences. What reversal would be required in the hormone 
scheme to account for these contrasts it is impossible to say with any 
high degree of probability. 

Whether intermediates are in any way dependent on the direction of 
some physiological change (that is, winged to wingless, or wingless to 
winged) can hardly be judged from the experimental methods of pro- 
ducing them. Analysis of the characters of the intermediates will be 
needed for an answer to this question. 


SUMMARY 


Two strains of aphids were subjected to various combinations of 
temperature and light. In one strain (collected 1923) distinctly more 
intermediate-winged females were produced in intermittent than in con- 
tinuous light, in every combination of other conditions. Among those 
reared in intermittent light, more intermediates were produced at a tem- 
perature of 14° than at 24°, in every combination of other conditions. 
Those reared in continuous light, however, produced usually fewer in- 
termediates at 14° than at 24°, and the differences were small. In gen- 
eral, winged parents produced more intermediate offspring than did 
wingless parents, but there was much irregularity of this relation. 
Greatest production of intermediates and greatest production of typical 
winged females did not occur at the same timc; there was, indeed, a 
tendency for the two frequencies to be opposed to one another. Other 
relations in this strain were rather indefinite. In the second strain (col- 
lected 1931) more intermediates were usually produced in intermittent 
than in continuous light, but the differences were small. More inter- 
mediate offspring were produced by parents drawn from a stock kept at 
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room temperature than by parents taken from stocks kept continuously 
at 14° or 24°, or from a stock regularly alternated daily between 14° 
and 24°, though again most of the differences were small. The greatest 
(and the only large) number of intermediates in the 1931 strain were 
produced by taking aphids from a stock kept at 24°, changing them for 
one generation to room temperature, then putting this latter generation, 
when adult, at 14°. In general, in this strain the greatest frequency of 
intermediates occurred when the trequency of typical winged aphids 
was medium. Other relations in the 1931 strain were not striking. 

li it be assumed that production of the characteristics of winged 
aphids be dependent on suitable concentrations of a hormone which in- 
creases in amount during development (other assumptions could be 
made), intermediacy or mosaicism might result from various combina- 
tions of times or periods of determination, or of levels or ranges of 
concentration of the stimulating hormone, or both. Ranges of stimu- 
lating concentrations are less subject to known limits than are periods 
of determination, and are held to be the more likely, inasmuch as strains 
of aphids differed greatly in their tendency to produce intermediates. 
Intermediaey, as contrasted with mosaicism, is favored by extended 
periods of determination and ranges of stimulation, especially if there 
is overlapping of these periods and ranges for the several structures. 

In part, the intermediates may replace winged aphids in the 1923 
strain, and wingless ones in the 1931 strains. 
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